Two new clerodane diterpenes were isolated from roots of Carex distachya Desf., a perennial plant widely distributed in the coastal area of the Mediterranean basin. Chemical characterization of the metabolites was carried out mainly by 1D and 2D NMR spectroscopy. The isolated compounds influenced either positively or negatively the plant growth (root and shoot elongation) of three coexisting herbaceous species.
Plants produce a wide variety of chemical substances, known as secondary metabolites which can positively or negatively affect the life of other coexisting vegetal or animal species [1] . In order to investigate potential allelopathic interferences among plant species of the Mediterranean area, we carried out a phytochemical study of Carex distachya Desf., a sedge widely distributed in the coastal area of the Mediterranean basin. Previous phytochemical investigations of the plant led to the isolation of carexanes, a new group of compounds, originated by the cyclization of prenyl stilbene precursors [2a-2e] , dibenzoxazepinones [2f], feruloyl monoglyceride macrocycles [2g], flavonoids, oligostilbenes, phenylethanoid glycosides [2h] , and lignan glucosides [2i] . Stilbenoids and flavonoids from C. distachya have been shown to act as allelochemicals in Mediterranean macchia vegetation [3a] . In the present study of the roots of C. distachya, two new clerodane diterpenes (Figure 1 ) were isolated and their structures determined, mainly based on NMR spectroscopic data.
Compound 1 showed a molecular formula C 20 H 34 O in accordance with the EIMS spectrum, which showed a molecular peak at m/z 290. The peak at m/z 282 [M -18] + suggested the presence of an hydroxyl group in the molecule. Accordingly, the 13 C NMR spectrum showed 20 carbon signals, identified, by a DEPT experiment, as five methyls, seven methylenes, four methines and four tetrasubstituted carbons. The presence of 20 carbons suggested a diterpene structure. The occurrence of four olefin carbons (two methines at δ 120.4 and 145.1, a methylene at δ 111.8 and a quaternary carbon at δ 146.6), indicated the presence of two double bonds in the molecules, one of them terminal.
The 1 H NMR spectrum showed signals for four olefin protons, as three doublet of doublets at δ 5.88, 5.19 and 5.05, and a broad singlet at δ 5.17. In the up-field region of the spectrum, three singlet methyls at δ 1.27, 0.98 and 0.71, as well as two doublet methyls at δ 1.57 (J = 1.5 Hz) and δ 0.78 (J = 6.3 Hz) were evident, together with other protons ranging from 2.10 to 1.10 ppm. The DQF-COSY and TOCSY experiments allowed the proton spin systems to be defined. In fact the protons at δ 5.05 and 5.19, correlated with the methylene carbon at δ 111.8 in the HSQC experiment, showed, in the homocorrelation experiments, cross peaks with the methine at δ 5.88, indicating an ABX spin system. Furthermore, the methylene protons at δ 1.34/1.40 correlated with the protons at δ 1.22/1.69; the olefin proton at δ 5.17 correlated with the methylene at δ 2.01 and the doublet methyl at δ 0.78 correlated with the methine at δ 1.41.
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Vol. 5 No. 10 1539 -1542 The HMBC experiments showed correlations between the ABX protons and a tetrasubstituted carbinol carbon at δ 73.4, which was also correlated with the methyl at δ 1.27. This methyl, together with the proton at δ 5.88, correlated with the carbon at δ 35.3, bonded in the HSQC to the protons at δ 1.34/1.40. These protons, as well as those resonating at δ 1.22/1.69, correlated with two tetrasubstituted carbons at δ 73.4 and 38.2. This latter correlated with the methyls at δ 0.98 and 1.57 and with the methine at δ 1.32, bonded to the carbon at δ 46.3. The methyl at δ 1.57 showed cross peaks with both the olefin carbons at δ 146.6 and 120.4, which were both correlated with the protons at δ 2.01. These protons correlated with the carbon at δ 18.5, bonded to the protons at δ 0.71, and with the quaternary carbon at δ 38.3. Finally, this latter carbon correlated with the doublet methyl at δ 0.78. All these data indicated the presence of a clerodane diterpene skeleton with a hydroxyl group at the C-13 carbon and two Δ 7(8),14(15) double bonds.
The NOESY experiment confirmed the hypothesis and allowed the assignment of the relative configurations to the chiral carbons. In fact, the H-20 methyl gave a NOE with the H-19 methyl, while the H-10 proton correlated with the H-18 methyl and the H-11 methylenes. Accordingly, the stereostructure obtained by the molecular mechanic method (MM+) as implemented in HyperChem 7.5, justified the observed NOEs ( Figure 2 ). In fact, the calculated distances between the H-19 and H-20 methyls was 2.32 Å, while the H-10 proton resulted at 2.29 and 2.25 Å from the H-11 and H-18 protons, respectively. The spectral data of compound 2 suggested the same molecular formula C 20 H 34 O as that of the previous diterpene. The EIMS spectrum showed the molecular peak at m/z 290, while the 13 C NMR spectrum revealed the presence of 20 carbons, defined by a DEPT experiment as five methyls, seven methylenes, four methines and four quaternary carbons. The 1 H NMR spectrum showed a methine as a triplet at δ 5.39, the broad singlet of the H-7 proton at δ 5.19, and a methylene as a doublet at δ 4.14. In the up-field region of the spectrum, the H-17, H-18, H-19 and H-20 methyls were evident at δ 1.58, 0.80, 0.71, and 0.99, respectively, besides a further methyl as a singlet at δ 1.67. In the HMBC experiment, the methylene protons at δ 4.14, correlated with the carbon at δ 59.4 in the HSQC spectrum, showed cross peaks with the carbons at δ 122.8 (bonded to the proton at δ 5.39) and 141.2.
The olefin proton at δ 5.39 showed correlations with the carbons at δ 32.8, 59.4, and 141.2. These data led to hypothesize an isomeric structure of compound 1, different for the substituents in the side chain and characterized by a hydroxyl at the C-15 carbon and a double bond at the C-13/C-14 carbons. The NOESY experiment of 2 confirmed the proposed structure and suggested the same stereochemistry as compound 1.
In order to evaluate their potential allelopathic effects, the two molecules were tested, at three different concentration levels [10 −4 (High, H), 10 −6 (Medium, M) and 10 −8 (Low, L)], on seeds of Dactylis hispanica, Petrorhagia velutina and Phleum subulatum, three herbs coexisting with Carex distachya. The results evidenced that the compounds exercised similar effects on germination and shoot and root elongation of the tested species which, in turn, showed different behaviours in relation to the levels of concentration used in the tests and tested parameters. A weak inhibiting effect, common at all three levels of concentrations, on the germination of P. velutina and D. hispanica was observed. The molecules showed a mild inhibitory effect on P. subulatum germination, but only at the highest concentration. Particularly, the molecules exerted a massive inhibitory effect on shoot elongation of P. subulatum, estimated at 60% and 40%, respectively, at the highest tested dose. 
Extraction and isolation:
Fresh roots of C. distachya (5.4 kg) were extracted at 4°C in EtOAc for 3 days. After removal of the solvents using a Rotavapor, a crude extract (99.7 g) was obtained, which was chromatographed on silica gel, eluting with CH 2 Cl 2 .
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The eluate, re-chromatographed on Sephadex LH-20 eluting with n-hexane/CHCl 3 /MeOH (3:1:1), furnished 2 fractions. The first was purified by TLC, eluting with n-hexane/EtOAc (17:3) to give pure 1 (25 mg); the second fraction was chromatographed by CC on SiO 2 , eluting with n-hexane/ EtOAc (19:1) . The eluate was purified by HPLC, on a SiO 2 column, eluting with n-hexane/EtOAc (4:1) to give pure 2 (21 mg). (1) [α] D : −37.5 (c 0.02, MeOH). 1 H NMR and 13 C NMR: 
13-Hydroxy-clerodane-7,4-diene

Biassays:
A considerable number of seeds were observed under a binocular microscope to discard all undersized or damaged ones in order to select them for uniformity. A preliminary test to evaluate the germinability of the 3 selected species was carried out in a growth chamber (KBWBinder 240) at 27°C in the dark. The observed percentage germinability of Phleum subulatum, Dactylis hispanica and Petrorhagia velutina was 98.7%, 88.7% and 98.3%, respectively. The bioassay experimentalal design included the use of 3 blocks of 100 seeds for each species and each treatment was conducted with 10 replicates. Ten seeds of each species were poured onto a sheet of Whatman N° 1 filter paper in a Petri dish (50 mm diameter). For each metabolite bioassay, 3 different concentrations were tested: 10 −4 M pure metabolite solution (defined as High), and 10 −6 M and 10 −8 M solutions (defined as Medium and Low, respectively). The test solution of pure metabolites (10 −4 M) was prepared using (2-[Nmorpholino]ethane-sulfonic acid (MES; 10 mM, pH 6), while the others were obtained by dilution. For each pure metabolite bioassay, parallel controls were carried out. After adding 10 seeds and 1.0 mL test solution, the Petri dishes were sealed with Parafilm® to ensure closed-system models. The dishes were placed in a growth chamber (KBW Binder 240) at 27°C in the dark. Four days later (no more germination occurred after this time), germination percentage was calculated. Successively, seedlings were frozen at −20°C to avoid subsequent growth until the root and shoot elongation measurement. Germination rate, root length and shoot length were recorded using a Fitomed© system [3b] that allowed automatic data acquisition and statistical analysis by its associated software. Data are reported as percentage differences with respect to control. Therefore, zero represents the control, positive values show stimulation while negative values represent inhibition of the studied parameters.
The statistical significance of differences between groups was determined by a Student's t-test, calculating mean values for every parameter (germination average, shoot and root elongation) and their population variance within a Petri dish. The level of significance was set at P < 0.05 [3b] .
